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Multilocus sequence types of 163 human Streptococcus agalactiae strains isolated in Bangui and Dakar were
analyzed. We identified local specificities in the distribution of sequence types and capsular serotypes. How-
ever, the overall population structure is similar to that in the United States and Europe, suggesting that few
specific clones colonize humans.

Streptococcus agalactiae, also referred to as group B strep-
tococcus, is a leading cause of neonatal mortality and morbid-
ity in Europe and in the United States (6). Infections caused by
S. agalactiae have also been described as emerging among
older adults, particularly among immunocompromised pa-
tients (25). However, S. agalactiae is primarily a commensal
bacterium colonizing the gastrointestinal and genitourinary
tracts of up to 30% of healthy adults (25). To improve the
prevention of S. agalactiae infections, efforts have been di-
rected toward identifying surface components that could be
used in a universal vaccine (3, 13, 17, 22). A precise charac-
terization of the genetic diversity at the population level is
needed to evaluate the global efficiency of such a vaccine, as
surface components have been shown to be highly variable
within the population (2, 12, 14).

Capsular serotyping has been a classical method used in the
descriptive epidemiology of S. agalactiae. Based on the immu-
nologic reactivity of a capsular polysaccharide, 10 serotypes are
distinguished: Ia, Ib, and II through IX (23, 26). Investigations
in the United States and western Europe have shown that four
serotypes (Ia, II, III, and V) account for 86 to 90% of the
isolates colonizing and infecting humans in these countries.
However, the serotype distribution may differ with respect to
the geographical regions: in Japan, for instance, serotypes IV
and VIII are described as predominant in vaginal isolates from
colonized pregnant women (11). Temporal variations with re-
spect to the predominant serotype were also noticed: e.g.,
serotype V strains emerged in the 1990s in the United States
(8). The development of multilocus sequence typing (MLST),
a nucleotide-sequence-based typing strategy, has allowed un-
ambiguous comparison of the population structures of S. aga-
lactiae among different geographical areas (9). Up to now,
MLST has been used to investigate the population structure of
S. agalactiae in different regions of the United Kingdom (9, 10),
the United States (1), Sweden (15), Portugal (19), France (12),
and Israel (18). In these regions, most isolates that colonize

and infect humans belong to the same five clonal complexes
(CCs), which are referred to as CC1, CC17, CC19, CC23, and
CC9/10/12. By combining MLST and serotyping, these studies
have shown that a given serotype is usually distributed among
several CCs and that CCs contain several serotypes, suggesting
recombinational exchanges (15). These different studies
showed that the emerging serotype V isolates belong mostly to
CC1 in the countries investigated. However, the population
structure of S. agalactiae in other geographic areas such as
Africa remains poorly documented. Epidemiological studies
from Kenya (5), South Africa (16), and Malawi (7) suggest that
S. agalactiae is also emerging in Africa as an important cause of
neonatal sepsis and that serotypes III and Ia are predominant
whereas the remaining strains belong to serotypes II, Ib, and V.
In contrast, serotype V was predominant in large Gambian and
Zimbabwean studies of maternal colonization (20, 29).

Complete knowledge about the clonal distribution of S. aga-
lactiae in Africa does not exist. In the present work, we used
MLST and molecular serotyping to characterize strains isolated
from maternal carriage from 2005 to 2006 in two different African
geographical regions: Dakar (Senegal) and Bangui (Central Af-
rican Republic). The maternal carriage rates of 20.0% (n � 797
pregnant women) in Dakar and 17.5% (n � 1,000 pregnant
women) in Bangui (J. M. Sire and R. Bercion, unpublished re-
sults) are similar to what was previously reported in studies of
African countries (28). We aimed at inferring whether the same
well-characterized CCs known to be dominant in Europe and the
United States are also prevalent in these African countries.

Two sets of 88 and 75 isolates each were collected in clinical
laboratories located at the Pasteur Institutes of Bangui and
Dakar, respectively. These carriage isolates were recovered
from genital swabs of healthy asymptomatic women in their
last term of pregnancy, by the use of the recommended pro-
cedures for enhanced recovery of S. agalactiae (4). Isolates
were identified to the species level by Gram staining, colony
morphology determinations, catalase testing, and the use of a
commercial latex agglutination kit (Slidex Strepto B; bio-
Mérieux, Marcy l’Etoile, France). MLST was carried out as
previously described by analyzing seven housekeeping genes
(9). The 163 isolates were resolved into 32 unique sequence
types (STs) (Fig. 1). In Bangui, 23 STs were identified. More
than half of the strains (47 isolates [53% of the data set])
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belonged to one of the four following STs: ST28 (22%), ST23
(14%), ST26 (10%), and ST196 (8%). Among the isolates from
Dakar, 17 STs were identified and four major STs were distin-
guished: ST26 (20%), ST1 (20%), ST23 (15%), and ST17
(13%). Eight STs were present in both areas, whereas 15 STs
were found only in Bangui and 9 only in Dakar. Eleven STs
identified in Bangui and six STs identified in Dakar have not
previously been reported to the MLST database.

Strains were grouped into CCs by use of eBURST software
by relaxing the group definition to five out of seven shared
alleles (27). Thirty-one STs from both cities were clustered in
six CCs, and one was a singleton ST. Out of the six CCs, five
correspond to the major CCs identified in Europe and in the
United States: CC1, CC9/10/12, CC17, CC19, and CC23.
Eighty-three percent of the collected strains belonged to one of

these five CCs. All new STs identified in Dakar and Bangui
were single-locus or double-locus variants of the previously
described CCs. This variability probably reflects local evolution
within these CCs. Interestingly, 15% of the isolates belonged to
CC26, which was rarely detected in North America and Eu-
rope. According to both nucleotide polymorphism and allelic
combination results, isolates from CC26 are only distantly re-
lated to those from all other CCs. Similarly, one subgroup
within CC19 was described in Bangui for the first time. This
subgroup includes 11 strains belonging to ST327, ST328, and
ST330 (12% of the isolates from Bangui). Furthermore, ST28
isolates were prevalent within CC19 in both Dakar and Bangui,
while ST19 isolates were described as prevalent within this CC
in Europe and the United States.

The capsular serotype of each strain was determined by a

FIG. 1. Dendrogram of the STs of human S. agalactiae isolates characterized in this study. The dendrogram was created by the unweighted-pair
group method using average linkages. Numbers at the nodes represent bootstrap support values.
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sensitive two-multiplex-PCR assay (24) (Tables 1 and 2). Five
different serotypes were detected in both Dakar and Bangui:
Ia, Ib, II, III, and V. In similarity to what has been previously
reported in the United States and in Europe, we observed an
overall correlation between the genotype defined by the ST
and the serotype. CC23 and CC17 were strictly associated with
serotypes Ia and III, respectively. Similarly, CC26 was mainly
associated with serotype V (23/25), with the two remaining
strains expressing serotype III and Ia. For CC9/10/12, serotype
Ib was predominant, although the ST10 isolate expressed a
type II capsule. CC1 and CC19 showed a higher degree of
serotype variation. CC1 mainly contained serotype V isolates
(18/33) but also contained serotypes Ia (9/33), Ib (3/33), and II
(3/33), whereas CC19 was constituted of serotypes II (25/47),
III (11/47), and V (11/47). The predominance of serotype V
within CC1 was mainly due to the prevalence of ST1, while
serotype Ia was associated with ST196. Similarly, serotypes II,
III, and V within CC19 were associated with ST28, ST19, and
subgroup ST328, respectively.

Although the six identified CCs are present in Dakar and
Bangui, slight differences were observed in the local preva-
lences of CCs as well as the prevalences of STs within CCs.
These differences were associated with different serotype dis-
tributions in both cities (Table 2). In Dakar, isolates from CC1
were prevalent (32%), whereas isolates from CC19 were prev-
alent in Bangui (43%). Interestingly, differences within CC1
and CC19 between the Dakar and Bangui data were observed.
In Dakar, ST1/V isolates represented 63% of CC1 isolates,
while in Bangui, seven out of the nine CC1 isolates corre-
sponded to ST196/Ia isolates. In Bangui, the prevalence of
CC19 was associated with 19 ST28/II isolates as well as with 11
isolates from the subgroup composed of ST327, ST328, and
ST330 (serotype V) that were not detected in Dakar. In Ban-
gui, eight strains belonged to CC10, among which six were
ST8/Ib, while those latter were not detected in Dakar. Finally,
CC26/V isolates were twice as frequent in Bangui whereas
CC17/III strains were half as frequent. CC23 showed a homo-
geneous distribution between both areas.

Here, we report for the first time the detailed characteriza-
tion of 163 S. agalactiae strains isolated from vaginal carriage
in two African areas. The overall population structures of
isolates from Dakar and Bangui overlap those described for
the United States and in Europe. However, two main specific
features were identified in these African cities that are com-
patible with both global and local expansion. First, CC26 iso-
lates represented 15% of all identified isolates in Dakar and
Bangui whereas they were rarely detected elsewhere. Only two
studies conducted in the United States and in England re-

TABLE 1. Characteristics of the 163 S. agalactiae isolates from
Dakar and Bangui

CC and ST Allelic
profile

Dakar resulta Bangui resultb

Serotype No. of
isolates Serotype No. of

isolates

CC1
1 1,1,2,1,1,2,2 V 15 V 1
2 1,1,3,1,1,2,2 II 1
4 1,1,4,1,1,3,4 Ia 1
196 1,1,3,1,1,12,2 Ib 3 Ia 7
317 1,1,2,1,33,2,2 V 1
318 1,1,2,3,1,1,2 II 2
321 64,1,2,1,1,2,2 V 1
333 1,1,3,1,1,12,5 Ia 1

CC9/10/12
8 4,1,4,1,3,3,2 Ib 6
10 9,1,4,1,3,3,2 II 1
12 10,1,4,1,1,3,2 Ib 1
332 4,1,3,1,3,3,2 Ib 1

CC19
19 1,1,3,2,2,2,2 III 3 III 3
28 1,1,3,5,2,2,2 II 6 II 19
182 1,1,3,2,18,2,2 III 3
324 1,1,40,2,2,2,2 III 2
327 1,1,4,2,20,3,2 V 6
328 1,1,4,2,2,3,2 V 4
330 1,1,27,2,2,3,2 V 1

CC23
23 5,4,6,3,2,1,3 Ia 11 Ia 12
320 5,4,6,3,2,1,23 Ia 1
325 5,4,6,4,2,1,3 Ia 1
326 5,4,41,3,2,3,3 Ia 1
334 5,4,42,3,2,1,3 Ia 1

CC17
17 2,1,1,2,1,1,1 III 10 III 4
188 2,1,1,2,1,1,2 III 1
316 63,1,1,2,1,1,1 III 1
319 2,1,1,2,1,1,22 III 2
329 2,1,1,38,1,1,1 III 1

CC26
26 1,1,5,4,1,4,6 V 15 V/III/Ia 7/1/1
323 1,1,39,4,1,4,6 V 1

Singleton
41 10,1,12,1,3,2,2 V 1 V 2

a For the Dakar isolates, n � 24, 1, 9, 12, 13, and 15 for CC1, CC9/10/12, CC19,
CC23, CC17, and CC26, respectively.

b For the Bangui isolates, n � 9, 8, 38, 15, 6, and 10 for CC1, CC9/10/12, CC19,
CC23, CC17, and CC26, respectively.

TABLE 2. Distribution of serotypes according to CCs

Serotype

Dakar result Bangui result

No. of
isolates CC or singleton (no. of isolates) No. of

isolates CC(s) or singleton (no. of isolates)

Ia 13 CC1 (1), CC23 (12) 24 CC1 (8), CC23 (15), CC26 (1)
Ib 4 CC1 (3), CC10 (1) 7 CC10 (7)
II 9 CC1 (3), CC19 (6) 20 CC10 (1), CC19 (19)
III 16 CC19 (3), CC17 (13) 15 CC19 (8), CC17 (6), CC26 (1)
V 33 CC1 (17), CC26 (15), ST41 (1) 22 CC1 (1), CC19 (11), CC26 (8), ST41 (2)
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ported occasional ST26 strains: 2/899 and 3/369, respectively
(1, 10). This ST26 was shown to be related to bovine ST256
strains isolated from a bovine udder in Brazil (1, 21) and thus
likely corresponds to a clone adapted to both humans and
animals. Second, in Bangui, the high prevalence of serotype V
strains mainly corresponds to the high number of CC26 strains
and to isolates from a CC19 subgroup (ST327, ST328, and
ST330), whereas in Dakar, CC26 and CC1 contributed equally
to serotype V. The high prevalence of serotype V isolates in
the United States and in Europe was shown to be mainly
associated with CC1 (1). These observations thus show that
although serotype V isolates are disseminated in the United
States, in Europe, and in Africa, they may correspond to dis-
tinct genetic lineages in Africa. In conclusion, the results of this
study suggest that the worldwide genotypic diversity of human
S. agalactiae isolates corresponds to a limited number of CCs,
probably representing the ancestral population of S. agalactiae
isolates colonizing humans, while local variations may reflect a
more recent diversification.
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